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THE WEATHER AND  CIRCULATION OF JUNE 1959 

A Month With a n  Unusual Blocking Wave 
Raymond A, Green 

Extended  Forecast Section. U.S. Weather  Bureau,  Washington, D.C. 

coastal trough cleepenetl, forcing  eastward  the Pacific 
trotlgll ant1 a lobe of the  Aleutian LOIT. This  accomted 
for estellsire  falls i n  the  eastern Pacific,  where a strong 
mean ridge  had  donlil~ated  the May pattern. Changes 
tlownstream  over  tlle TJnited States were sn~aIler but ~nffi- 
cient to rererse almost  completely  tlle field of 700-mb. 
llrigllt,  anomaly.  During  this  rerersal  general  rises oc- 
(:uI*lwl orer  tlle 7T'estern States early in June, but  the falls 
over the E:lstern States were mainly  reactions to blocking 
after midmontll.  Negative  anomalies  over  the  Gulf  St:ltes 
were. associated with  rernnants of tropical storms Arlene 
a n t 1  L3eulnll and tn-o weaker  tropical depressions. 

Other  information about, the  circulation  can be gleaned 
fronl  the me:m monthly  wind field at  700 nib. (fig. 4 ) .  
Tlle 1ne:tn jet  maximmn was well  defined and  stronger 
than  normal orer t,he eastern  Pacific and tlle eastern 
lantic.  The mean jet, followed  the  nornlal  pat,ll  rather 
(*losely over the oceans, but w:ts located  north of nolx~al 
over Kortll  America. This is further  indication  that 
I)loc*king telltled to bypass tlle North  American  Continent. 

The zo11:tl inclex (fig. 5 )  nnclernw1t a complete oscilla- 
tion,  continuing  the  series of index cycles dating back to 
A\pril 195!) [4]. In June  the excess of zonal westerlies 
oyer no~.nl:~l  during  tlle  first  half of tlle  month  as ner~rly 
ha1:urcetl by a deficit, during  the second half, so t,llat the 
aver:lge for  the lnont,ll was about  normal.  Similar com- 
1)ensation occurred at  most  latitudes of the western sector 
of the  Xortllern  Hemisphere, and departures  from  the 
Ilol-mnl 700-mb. windspeed profile (not shown) were  small. 

3. BLOCKING 
IVhile  blocking  persisted  throughout,  the  month over 

Alsi:t, its effects mTere negligible  in  tlle  western sector of 
the  hemisphere  until  after  midmonth. In the first half- 
lllontll (fig. 2A) the  strongest  anomaly  centers  in  the west- 
c1-11 sector of the  hemispllere were negative  and located at 
nlitltlle or high  latitudes. With the  advent of blocking, 
tlle, pictnre changecl radically  during  the second 15-day 
periocl, and  the  negative  centers  were  all  but  obliterated 
ill the  northern Pacific. A huge area of positive anomaly 
centered  near  tlle  Aleutians became dominant  there (fig. 
'LIS), and extensions of this  positive  area  through  other 
strong centers in  the  Beaufort Sea and Baffin Bay com- 
I)lete(l an anticyclonic  pattern of remarkable  proportions 
at  high  latitudes  in  tlle  western  part of the hemisphere. 
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FIGURE 1.-Mean 700-1nb. 
activity was marked 
western Alaska. 

contours (solid) and height depnrtnres 
in  the area of positive anomaly around 

tens of feet, for June 1959. 
Anierica from Sewfoundland 

The  depressed  negative  centers  over  the  Atlantic  Ocean 
were arrayed  in  the  “omega”  pattern  often  observed wit11 
blocking. 

Figure 6 displays  a series of 5-day  mean  maps  for 
periods chosen to  represent  the  circulation  by weeks. The 
incipient  stage of a  blocking  wave  appeared  the  first meek 
(June 2-6, fig. 6A) over  northwestern  Russia.  During 
this  period  the  zonal  index was high (fig. 5) in  the west.- 
ern sector of ‘the  hemisphere,  and  amplitudes of waves in 
the  strong  westerly flow were  small.  During  the  same 
period a High  just  northwest of Greenland was associated 
with a positive anomaly of about 100 feet. 

During  the subsequent meek, blocking  spread  to  the At- 
lant,ic  ridge,  and  the  positive  anomaly  near  Greenland 
moved southward  to  Hudson  Bay  and became  more  in- 
tense. The  ridge in the  northern  Pacific  pushed  strongly 
northward, so t.hat  by ;Tune 9-13 (fig. GB) the  zonal  index 
had been reduced to  just  about  normal. 

Thereafter t,he Atlant,ic  ridge  built  sharply,  spreading 
westward, to  the  Maritime  Provinces.  As  positive  anom- 
alies bridged  westward,  the  anomaly  center  in  Hudson 
Bay  grew  in size and  intensity  and  shifted  to  the  Beau- 
fort  Sea.  This  center  had  joined across Alaska  to  the 
northern  Pacific  High by June 16-20 (fig. 6C). At  this 
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FIGURE P."Fiftee~~-day  mean 700-llIb. contonrs zrrd 
height  departures  from  normal  analyzed as in figure 
1, for ( A )  June 1-1.7, and (B)  June 16-30, 1959. 
P a r t  ( C )  is  the  height  difference  between  the 33- 
day  means ( R  minus A )  in  tens of feet.  Largrst 
changes  were a t  high  latitudes of the  western sector 
of the  hemisphere. 

time the  zonal  index  reached  a ~ l ~ i n i n ~ u m  value of 3.7 
m.p.s., and a rigorous cutoff Low  along  the New  Engl:tnd 
coast attained  its  maximum  intensity. 

During tlle last week a  new  wave of blocking  emerged 
from northern  Europe,  while  the  initial  surge  continued 
a@n--ard tomud  Kamchatka.  The zonal  index for the 
western sector of the  hemisphere  returned  to  normal,  af- 
fected only  slightly  by  the  new  wave of blocking at, higher 
latitudes. 

Regional  indices  have in  the  past [5] been plotted 
against time  in  order  to  isolate some of the effects of block- 
ing waves on tlle  circulation  and  to  trace  them  around  the 
hemisphere. The progress of a blocking  surge  from  the 
eastern Atlantic  to  the  northern Pacific  is  sho\vn  in  figure 
8. The wave  moved rapidly  upstream,  affecting  adjacent 
80" zones at  subsequent  intervals of 3 or 4 days. I t  is 
interesting to  note  the  extent  to \vhich the  disturbance 
affected index  values of different zones. For instance,  the 
reaction was much  greater  over  the oceans tllan  over  con- 
tinental North  America  or  Asia.  This  behavior  is diffi- 
cult to  explain  but  may  have been related  to  the eccent.ric 
location of the  semipermanent  Arctic Low and  the  strong 
High over  Siberia. 

4. TEMPERATURES 
It  has been noted  t.hat  the  monthly  temperature  ano- 

maly pattern  over t.he United  State's (fig. 9)  strongly rc- 
flected the  circulation  reversal  from  May  to  June.  Only 
40 percent. persistence (0+ 1 classes) was  observed,  much 

less than  the 70 percent  expected [ 2 ] .  A reversal  in 1955 
[ 3 ]  resulted in even less persistence, 35 percent,  from May 
to  June. 

The  anondy  pattern  for May 1959 favored  baroclinic 
development,  n-itll  rigorous  storms  advecting cool air be- 
hind  them  along  the  frontal  boundary  separating cool air 
in the  Xorth  and  West  from  warm  air  in  the  East  and 
South.  Just  the  opposite is indicated  in  the  pattern  for 
June, \\-hen the  boundary was also  oriented  southwest- 
northeast  but  separated  warm  air  in  the  Northwest,  from 
cool air in  the  Southeast.  This  and t.he precipitation  pat- 
tern  suggest  that  limited  insolation  due  to cloudiness was 
more  responsible for cool anomalies in  June  than  ad- 
vected cool air. 

Abnormal  warmth  in  the  Southwest  was  attended by 
high  percentages of possible  sunshine,  and  new  records 
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were established for both.  Sacramento,  Calif., reported 
100 percent, of possible  smwhine. Ely, Nev., had nen- re?- 
ords for possible sunshine  and  highest  average  tempera- 
ture. Las Vegas,  Sev., Los Anpeles Airport,  Calif., : $ 1 1 d  

Yuma, Sriz., all l ~ a c l  record hip11 temperatnres for .JtiIlr. 
Temperature  anomalies [A;II for the weeks cor~espontl- 

ing  to  the 5-day periods  in figure1 A are ~ 1 1 0 ~ ~ 1 1  in  figure 7. 
The pattern fo r  the  first week  vas typical of that  xsso- 
ciated with a high intlex  cir-culation. Warnler t l ~ n  nor- 
mal  temperatures  prevailed over the  West and Korth, ant1 
cooler than nornld  over  the  Southeast.  There vere rcla- 
tively small  changes  during: the second week, as some cool 
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FIGURE fi.--Fi~e-day mean 7OO-mb. contours  (solid)  and  height  departures  from normal (dotted) both in tens of feet, for  ( A )  June 2- 
6, (B)  June (3-13, ((:) June lli-20, (I)) .June 25-29, 19.79. The zonal  index  was a t  its peak  early  in  the  nlonth ( A ) ,  and  ampli- 
tudes of the  mean  waves  were sn1all. Blocking was nlost  pronounced  and  the  index  lowest  during  the  third  week ( C )  . 

(fig. IO) coincided  rat,ller  well  with  cyclonically  curved 
mean sea level flow (fig. 11) from  the  southeast.  The 
broad belt of southeasterly flow from  the  Gulf of Mexico 
provided adequate  moisture, especially for  orograpllic 
rainfall in  the  mountainous  regions of New Mexico, h r i -  
zona, and  Utah. 

Locally  severe thunderstorms  were  reported in the 
moist air mass over  Kansas  and  Nebraska. A storm  near 
Seldon, Kans.,  produced  hail  over  a  10-square-mile area, 
measuring up  to 3 feet  deep  in  drifts,  and  total  precipita- 
tion was estimated at  more  than 5 inches. Another se- 
vere storm moved  over Grand  Island, Nebr., where  hail 
described as  grapefruit sized  was driven by winds up to 
83 m.p.h. 

A number of frontal waves  skirted  the  western  bsund- 
ary of much-above-normal  temperatures  from  northern 
Nevada to  eastern  Montana.  Some of these  storms were 
fairly  vigorous  but  not  violent,  though  squall  lines  in  their 
warm  sectors  produced  locally severe thunderstorms  and 
a few  tornadoes.  One of the  tornadoes  occurred  near 
Fargo, N. Dak., on the  9th  and  another  near  Green  Bay, 
\Vis., on  the  10th. 

A  streak of above  normal  precipitation  from  Texas 
northeastward  can  be  related  to a weak  mean  trough at  
700 mb. (fig. 1). Some of the  rain  in  southern  Texas was 
associated with  tropical  storm  Beulah,  which  threatened 
the  southern  Texas coast on the  16th  and  17th  but moved 
inland well south of Bro\vxwille. 
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Remnants of tropical  storm  Arlene  cont,ributed to ex- 
cessive rninfall e;~st-nortlleast~~\.ar.cl from  the  Lonisixna 
coast. The  heaviest rain and some of the  most clestruc- 
tive se.vere weatller came,  however, wit,ll a weak-appear- 
ing  tropical  depression  which crossed Florida  on  the  18th. 
This Low triggered at least two  tornadoes, of which (he 
most severe struck  Miami, Fla., on the 17t11, injuring 
about 100 persons, and  causing  damage  estimated at $lI,/z 
million. A second tornado \\-as reportetl  in  Palm Bencll 
County  but caused no injuries anti little da111:~gr.  ,4lso 
on the 17tl1, squalls  were  rep0rte.d  near Fort  Myers, Fla. ,  
and 24-hour rainfall  at  that  station  totaled 6.64 illchcs. 
Totals  at  Miami  Beach  and Aliami Airport on the  18th 
were 6.28 and 5.95 inches, respectirely.  Rainfall \\“as 
copious as far  north as Orlando,  where  the %day total for 
the  17th  and  18th  as 4.40 inches. 

North of Cape Hatteras  much of the excessive rainfall 
can be attributed to the hlocked  New England Low-, ~ ~ l l i c l l  
was deepest during  the  third week and  is reflected in  the 
mean pattern of figure 1 as a negative  anomaly  cenler. 
In New England,  Hartford, Conn., reported 22 cloudy 
days for n new June  record  and  Portland,  Maine, 21 
cloudy days  to  equal  the  alltime  record  for  any  month. 

Monthly  mean  westerly flow a t  700 mb. was slightly 
above normal  over  the  Pacific  Northwest,  helping.to pro- 
duce excessive rainfall  in  Oregon. 

Precipitation was almost nonexistellt, in most of Cali- 
fornia :tnd n1nch of Arizona  and Nevada,  with positive 
7OO-mb. nnomalies and weaker than  normal mean wester- 
lies across the  area.  Sacramento,  Calif.,  reported the 
driest  spring i l l  110 years of record a1~1  Oakland the 
driest June.  Drought  cont~inued  at Twson, with  no meas. 
urable rain observed. 

Parts of tlle  Midwest  were also dry.  Springfield. ill., 
reportetl  the  tlriest ,June in 80 years of record,  and De. 
troit,,  Jfich., l1ad its  driest d ~ m e  since 189.5. Milwaukee, 
TVis., St,. Louis. Mo., and Columbus,  Ohio,  reported their 
driest  June since the  early 19:Ws. Here  the mean cir- 
culation MXS anticyclonic at  sea level (fig. 11) and at the 
700-mb. level (fig. 1) .  

6. HAWAII AND ALASKA 
From  Hawaii  and Alaska came  reports of warmt~h and 

dryness  for ,Jmle. Lihue,  Kauai,  Hawaii,  had  this to 
report [8] : “A11  of the  following  temperature  values ~vem 
higller  than  any  previously  recorded  in  the  month of 
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JUNE 1959- 
FIGURE 8.-Ti111e variation of the  5-day  mean  zonal  westerlies  in 

regional  zones of 40" longitude,  in  meters  per second, for  Jnrle 
1959. Indices  were  computed  for 35' to 55" N. and  plotted on 
the  last  day of the  period.  Note  the  westward  progression of 
rninirna in  the  curves  during  the  second  half-month. 

June : Average  Maximum,  Average  Alinin~un~, ~ Ive rage  
Monthly, and the Highest  for  tlle montll. Il'ot, only was 
the previous  highest  temperature exceedetl 011 1 day, but 
the previous  record was equ:detl on 4 other days. So t  
once during the mont,ll d i d  the ten1per:ttm.e fall helow 
normal. Dry weat,ller  continues over all parts of tlw is- 
land, the  dryness  being only slightly  relieved  by  tlle 
showers on  the  last  two  days of the  n~ontl~."  Honolulu 
Birport  had  only a trace of rain  in  June,  the lowest 011 

record there,  and  Hilo,  Hawaii,  reported a deficit ft.olil 
normal of 3.63 inches. The anomalies  were associatetl 
with somewllat  weaker than  normal  trade  wind flow at, 
sea level. 

Anchorage,  Alaska,  reported [9] "Jlrnsurablc precii'i- 
tation fell  on  only 3 days,  and  totaled o t~ ly  0.26 illc11, less 
than one-third  the  normal  amount.  Thuntlerstorms  %re 
relat.ively rare  in Anchorage,  but one occurred  on ,Tunc. 25. 
The mean temperature  for  the  month  as 56.A", 2.9" 
higher than normal." At  Pairlonnks the  temperature HV- 
erage 2.2" F. above normal; a t  ,Juneau, 1.6" 3'. above nor- 
mal. Both  stations  reported  thunderstorms  and less thml 
normal precipitation  for t,he month. 

Warmer  than  normal  temperatures  at  these  Alaskan 
stations  were related  in  the usual sense to  positive 700-mb. 
height anomalies  (fig. 1). Below normal  precipit-alion 
might be expected  with  t,he 700-mb. anomalous flow from 
the northeast  rather  than  from  the  usual  moisture  source 
in the  Gulf of -4laska. 

~ ' I G Y I ~  !J.-Ol)serx-ed temperature  anomnly  for (,4) May 1959 and 
( 1 3 )  dlule 1959. Sornlnl  is  established  from  30-year  averages 
for  the lwriod 1921 through 1950 with  normal, below, and above 
occurring  one-fourth of the  time.  Xuch below and  much above 
e:lc.h oc(.ur one-eighth of the  time.  Temperature  anomalies  in 
June c.h:lngetl more t h m  one class from May at 60 percent of 
selec.ted stations. 

FIGURE 10,"Percentage of normal  precipitation for June 1959 
(from [7].)  Much of the  excessive  precipitation  in  the  South 
was related  to  tropical cyclones. 
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Weather Note 
TINTED  RAIN AT DUNSTABLE, MASS., JUNE 6, 1959 

Robert E. Lautzenheiser 

Weather  Bureau  State Climatologist, Boston, Mass. 

Greenish-yellow  tinted  rain  was  observed  in  Dunstable,  stable  contained a. large  amount of a  greenish-yellow pol- 
Mass., at 4 p.m. EST, June 6, 1959. At the hei& of a len. Prior to the rain, pollen  was  deposited on the 
thunderslmwer,  visibility was reduced at  times  to 20 feet gro,lTlcl, roofS, arid surfnces. ~l~~ deposit On 
by  heavy rain  which  appeared to hare a  greenish  tint, 
according to  Edward  Hill,  Cooperative  Weather  Observer inside of the  thermometer  shelter was nearly  one-sixteenth 

at  Dunstable. inch thick. The contents of the  rain  gage  were  light 
During  the  morning  and  afternoon  the  air over Dun- green in color, clue to a, considerable  amount of pollen. 
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